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INTRODUCTION 

As part of an ongoing interest by ARPA HRRO in Computer-aided Instruction (CAI) for the 
military environment, a study was initiated to determine the user-interface (terminal) 
subsystem needs in CAI for the I980's and to provide a functional terminal design to 
satisfy these needs. The needs study, performed by the Annenberg School of 
Communications (USC) in conjunction with ISI, is detailed in Ref. 1. A portion of the 
study's conclusions indicated that 

1. Development of new terminal capabilities for military CAI is a low-priority 
concern. \ 

) 

2. The capabilities of existing terminals (such as the plasma terminal used in 
PLATO) will suffice for the near future. 

3. Commercially developed terminals will satisfy the dominant military CAI needs in 
the 19^0*3. 

The following document will discuss the functional requirements as well as the terminal 
design and architecture needed to implement the required capabilities. In light of the 
conclusions expressed in Ref. 1 it is nonproductive to repeat the functional capabilities 
available on existing terminals or to discuss an alternate implementation design. 
Commercial development of terminals will satisfy most of the stated CAI requirements, and 
little new terminal development is required. It appears that a more interesting and 
productive approach to conclude the design portion of this study is to discuss the 
expected architecture and capabilities of commercial terminals now in development. This 
approach will justify the conclusion that these terminals satisfy military CAI needs and 
demonstrate how one might advantageously use the flexibility of modern terminal 
architecture. The question being considered, then, is "Hou/ can the military adapt 
commereial ttrminaU of the 1980's to CAI needs?'' A related question answered by this 
document is ''Given a large number of general-purpose commercially available on-line 
terminals in the military community, how can terminals be customized to satisfy CAI 
needs?- 

This document discusses 1) the architecture of the expected commercially available 
terminals for the late I970*s in the context of military CAI and other DoD requirements, 2) 
the flexibility of this architecture and methods for satisfying the stated CAI needs and 
desires with potential economic savings, and 3) the required development effort to satisfy 
all the stated needs. 

FUNCTIONAL REQUIREMENTS 

The results of Ref. 1 suggest a set of functions much like the capabilities of the plasma 
terminal currently in use with the PLATO CAI system: alphanumeric keyboard with special 
function keys, visual electronic output device with multiple character sets, limited graphics, 
touch panel inputs, prerecorded visuals, prerecorded voice control device, and adapter for 
control 0} ^ther external devices. While the functional capabilities (as seen by the user) 



ERLC 



4 



of tha pla$ma terminal and the terminal discussed In this document are the same, the 
Impltmtntatlon differences and the consequences of these differences are significant. 

Several functions were given low priority by the experts: complex graphics, 
high-resolution stored visuals, spoken inputs, large-opacity displays (4000 characters or 
more), color, 3-D, and computer-composed speech. Therefore, these functions are not 
considered in the discussions to follow. 

A limited stand-alone capability, which is considered by this author to have a high payoff 
In the CAI environment, was judged desirable by- a few of the experts; it is therefore 
considered as part of the implementation discussed. The intent of this discussion is to 
provide the reader with a feeling of the power of the stand-alone capability, not to imply 
that the study conclusions addressed the question of the desired stand-alone capabilities. 

ARCHITECTURE OF TERMINALS 

A recent innovation in the implementation of commercial terminals is the use of a 
microprocessor unit (MPU) LSI chip controller. This technology is flexible and economical 
and can be expected to improve continually. Because the market for commercial terminals 
Is not monolithic, considerable customizing's required to satisfy the needs of the various 
segments. By using an MPU and developing a software capability, the vendor can quickly 
and economically satisfy a large spectrum of user requirements and minimize the amount of 
random hardware logic design. Current trends strongly tend toward using the MPU for a 
terminal controller; it is to be expected that all terminals In the late 1970's will adopt this 
architecture. 

The terminal architecture is typified by the functional block diagram of Figure 1- The MPU 
with its associated memory and interface logic is used to handle data flow between the 
input devices and output (primarily display). The MPU therefore provides complicated 
logic between the various I/O devices by Interpreting data and Instructions within a data 
stream. The design also has the desirable feature that all I/O Interfaces are standardized; 
1) serial bit stream with communication logic conforms to RS232 EIA conventions, 2) slow 
speed I/O conforms to the I/O bus protocol of the MPU, and 3) fast I/O devices (such as 
the display generator) conform to memory (direct memory-access) logic. Most I/O devices 
can be satisfied by the MPU I/O bus, which can accommodate large and varying numbers of 
devices with the appropriate software (or firmware). 

The flexibility of the MPU controller Is self-evident: It Is in fact a general-purpose 
computer. The LSI chip, the MPU, is a computer with limited Instruction set and limited 
address space. It is typically slow (microseconds for execution time). When used as a 
controller, the MPU will typically operate from ROMs (Read Only Memory) or PROMs 
(Programmable ROMs) and becomes more rigid in its ability to change a process (control 
memory) so thac the programs are often called firmware. The MPU, however, works as 
effectively from RAMs (Random Access Memory) programmed as a conventional computer. 
Economics dictates the use of ROM rather than RAM when these processors are used as 
controllers. For the usual controller environment, where a set of predefined tasks Is 
required, the lack of run-time flexibility simplifies the device, from the user's point of 
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Figure 1 Functional block diagram of the basic terminal 



view, and thus may be more desirable. The ability to customize the controller for 
variations in the user's environment requires the vendor to develop a capability for 
creating and debugging firmware in an economical manner; the computer programming 
problem revisited. 

C/lPmUUTlES OF B/ISIC TERMINALS 

The terminals available from commercial vendors in the late 1970's v/ill have many, but not 
all, of the functional capabilities set forth as CAI terminal requirements. Some mainstream 
commercial terrmnals available today have most of these capabilities. The display will 
probably be video on a cathode ray tube with a display format of about 25 lines of 80 
characters per line. The video generation is performed "on-the-fly," refreshing the 
display from character memory, and does not usually employ a bit map memory (a bit of 
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memory for each element of the display), which minimizes the capacity of refresh memory. 
The display generator can operate with multiple character sets (at least four) which can be 
customized to individual needs. Character description memory can use loadable RAM 
equally well. The video display also has enhancement capabilities; blinking and underlining 
of characters, half bright and reverse video. The Keyboard is ASCII compatible (also easily 
customized). It is implemented in typewriter style and also contains function keys, a 
numeric pad, and special editing and display function Keys. A variety of stand-alone 
(off-line) capabilities can also be expected, including text editing features, tape cassette 
control, and a self-test capability. Most important for this discussion, the terminal has the 
ability to expand the memory space and I/O devices on the MPU bus. The compleme.it of 
standard and optional I/O devices includes tape cassette, printer, communication line 
interface, and a generalized parallel I/O socKet for unspecified devices which can operate 
with the protocols of the MPU I/O bus. 

Four required capabilities not generally provided by the commercial terminal vendor are 
the prerecorded visuals, the prerecorded voice device, the touch panel, and limited 
graphics. The voice output and touch panel input (to a lesser degree) are not significant 
problems, since they are ^voodOle as off-the-shelf items and require only logical 
connection to the I/O bus of the terminal. RepacKaging of the voice output unit for proper 
physical attachments and aesthetics does not require a significant amount of development 
work. RepacKaging the touch panel may require some development effort but is not 
considered difficult or major by the author. Modifications or redesign of the interface 
logic for compatibility with the I/O bus is also a routine implementation problem. The two 
capabilities requiring development effort, which may require DoD incentives, are the limited 
graphics and prerecorded visuals. The implementation of these capabilities is discussed in 
the latter part of the report. 

The potential capability which could provide maximum payoff is the MPU and Its use in the 
terminal. The MPU controller provides a means of providing flexibility, modularity, and 
maintainability at minimum costs. All I/O devices interface the MPU bus and function with 
the firmware (or software) provided by the designer, minimizing hard-wired logic and 
mulHple I/O interfaces. The power of the MPU, relatively untested, is in its ability to 
expand with firmware, .providing new terminal capabilities, including some nontrivial 
stand-alone functions. This power is directly related to the MPU and its speed and 
address space and the terminaPs capability to accommodate the required memory and I/O 
devices. 

MICROPROCESSOR DESCRIPTION 

Microprocessor technology is in a state of flux and is difficult to define for the time period 
being considered (1980). Today's capabilities could be judged related to a number of 
different currently announced microprocessors, although the conclusions stated throughout 
the report will be based on the Intel 8080. This selection was made because of 
convenience, knowledge of the unit, availability of information, etc., not because it has 
been concluded to be the best available or the best for the tasK. It has been selected by 
some terminal manufacturers to be the controller of the next-generation display and is 
representative of today's technology. The 8080 is an 8-bit, n-channel MOS, LSI, 
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single-chip microprocessor It contains an Arithmetic Logic Unit (ALU), 12 general 
registers, stack pointer and program counter, address and data buffers, and timing and 
control logic. The 8080 has a typical instruction .time of 2 microraconds, supports a 
single-level Interrupt (with support logic to easily handle multiple level interrupts), and 
provides for 64K bytes of address space. Intel also provides support components— RAM, 
ROM, PROM, I/O handlers, etc.— to tailor systems to specific needs and advertises software 
development support to implement appropriate firmware (the microprocessor programs). 
The estimates for controlling the above described basic terminal is 8K bytes of program 
space with 2K to 4K bytes of display data space (refresh memory). This allows up to 52K 
bytes of memory for the implementatipn of additional features. The microprocessor 
technology is in its infancy, and much development can be anticipated for the basic 
processor and the computer system components being developei^. The larger 
microprocessor systems will be competing with today's minicomputer systems and this 
development can have an impact on CAI systems and the terminal by helping to develop 
the required software tools. 

STAND-ALONE CAPABILITIES OF THE BASIC TERMINAL 

The basic terminal has some stand-alone (off-line) capabilities which affect its performance 
in the CAI application. One, which is' long needed for all terminals, is a self-test program. 
A special function key initiates the execution of a program within the ROM which tests 
most or all the modules (or printed circuit boards) and reports (usually on the output 
screen) the results of the test. This module requires a small amount of code and does a 
credible job of improving the maintainability of the terminals. Self-test checks the ROM 
and RAM, the two traditionally unreliable elements (as well as other modules), and 
represents a significant step in the right direction of terminal maintenance. 

A second stand-alone capability of the basic terminal with a potential impact on the CAI 
system design is extended digital mass memory in the form of tape cassettes. The 
intended market for this capability is off-line text preparation, editing, etc. for eventual 
transmission to a computer. The basic capabilities of reading and writing tape cassettes 
can also be used to load programs for MRU execution. The assumption that a loader exists 
is valid, for most terminals implement a loader for diagnostic purposes. A single tape 
cassette has a capacity of 100,000 to 500,000 bytes (8 bits) of data with transfer rates 
from 5000 to 10,000 bytes per second depending on the vendor and terminal. Therefore 
the capability of loading programs (or lessons) from tape, prepared and mailed at some 
central location or from communication lines at user's discretion, exists in the basic 
terminal. The terminal therefore has all the attributes (MPU, RAM, and mass storage) of a 
stand-alone capability. 

The significance of a stand-alone capability and the preparation of courseware for CAI in 
this mode is beyond the scope of this study. One can speculate, however, that several 
valid kinds of capabilities could provide some payoff (for example, lessons to aid the user 
in becoming y.quainted with the terminal, the CAI computer system, or in monitoring user 
actions in using courseware at a remote host computer). The local capability could also be 
used to personalize the terminal for the individual user, or specific lesson, or to aid in 
preparing lessons by enhancing the terminal's editing and text preparation capabilities. 
Using the terminal's stand-alone capability merits additional study and consideration. 
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The commercial terminal described above is representative of the expected terminal of the 
1970's. One can anticipate terminals with more capabilities than those described, 
especially within the microprocessor controller and the kind of "smarts" implemented to 
enhance specific user applications. A new industry is growing around small turnkey 
microcomputer systems (built within a terminal) for specific users, i.e., car salesmen, bank 
tellers, poirt^-of-sale devices, etc. The field is in its infancy but the competitiveness will 
produce inndyations that could significantly affect all terminals. 

MILITARY EhlVIRONMENT 

The use of on-line terminals within the military environment is sharply 'increasing, and 
current estimates^ indicate that more than 80,000 will be in use by 1985 (see Appendix) 
These terminals ar^e being used for general-purpose tasks of file updating, documentation 
preparation, message handling, and general scientific computation as well as the traditional 
dedicated system terminals for command and control, air defense and traffic control, secure 
' systems, etc. The trend, significant to this discussion, is the use of terminals via networks 
to host computers for a variety of tasks by a variety of people. The author's 
expectations are that these terminals will be the basic terminal described in the preceding 
paragraphs, available from commercial vendors. These conclusions are based on currently 
authorized procurements of terminals and computers and current implementation plans of 
the Defense Communication Agency (DCA) for networks to handle the data, traffic. DCA is 
currently the manager of the ARPANET and has initiated a Request for Proposals for 
design and implementation of an AUTODIN-like communication system using ARPANET 
technology (store-and-forward packet-switched data handling systems). Also being 
implemented are systems utilizing the ARPANET and its Host computers (National Software 
Works, or NSW) to provide user tools for specific tasks such as text editing, programming, 
data base accessing, etc. The trend of military computer use is toward on-line 
generalization and providing computer resources at the base level for widespread use and 
availability. CAI for the military is certainly an appropriate user candidate to take 
advantage of the existing and planned resources for compgter usage. 

CA! TERMlN/llS 

Assuming the general availability of the basic terminal which satisfies most of the CAI 
requirements, how does one implement the specified CAI terminal? The basic terminal has 
modular construction with well-defined limits of expansion. As additional capabilities are 
required, modules are plugged into the basic unit, which provides a general I/O interface 
or specific control for the device being appended. The block diagram of the desired CAI 
terminal is shov/n in Figure 2. It is highly probable that the terminal vendor will consider 
expansion of memory to maximum address space and provide the appropriate space, 
power, and cooling. The ability to add several I/O devices without extensive modification 
to the packaging of the terminal remains questionable. Should this pose a problem, the 
obvious solution is to provide a single I/O multiplexor interface unit within the terminal 
which will allow the addiiion of several new devices through an external box. The touch 
panel and prerecorded voice devices require relatively simple bus interface for MPU 
controL 
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Figure 2 Functional block diagram of the CAI terminal 



The interface of prerecorded visuals requires some additional study, for within the more 
Obvious design approaches one is confronted with several options affecting the display 
function. The two obvious devices for providing the prerecorded media are microfilm in a 
Random Access Projector (RAP) or magnetic tape or disk in an inexpensive TV recorder 
(TVR). For the RAP the problem is the projecting surface of the display. The problem 
disappears if one uses a plasma type display surface, although the mainstream commercial 
vendors are not using the large plasma panel for economic reasons. 
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A means of providing the RAP capability with a video display is the use of an optical flat 
(port) on the cathode ray tube (CRT). This allows rear projection of images on the 
phosphor and face plate of the CRT; it is a technique being used in several special military 
displays. The disadvantage of this technique is the high cost and limited availability of the 
customized CRTs. (Typically these CRTs cost from S500 to SIOOO each and may require 
tooling of from 86000 to 87000> if the glass bulb required is not in current inventories.) 

A TVR is a good candidate for providing the image storage medium. It is economical and 
easily integrated into the terminal. A video input line to the display section and normal 
I/O bus control is all that is required. However, in an effort to improve the quality of 
characters displayed, or to provide additional character capacity on the screen, several 
terminal manufacturers have selected higher-resolution, higher-bandwidth video, not 
compatible with the normal American TV standard of 525 lines, 30 times per second. 
Therefore, in selecting a video device one has the option of choosing a lower resolution 
terminal display or finding (or modifying) a compatible video device to interface the 
terminal display. The foreign TV market uses higher resolution systems, providing a 
market for the inexpensive TVR devices being considered and may be available at the 
required video bandwidth. A TVR can also^be used to satisfy the prerecorded voice 
output requirement. "Both the TVR and RAP require a simple I/O bus interface for control. 

Limited graphics, typically defined as inexpensive (adding less, than 81000 to the cost of 
the terminal), makes it possible to plot points, as well as to draw vectors and (sometimes) 
patches. One technique for achieving a subset of these capabilities is with special line 
.drawing character sets to provide vertical and horizontal lines and special block type 
symbols. Although inexpensive, this capability is probably too limiting for CAI 
requirements. 

The implementation of a limited graphics capabilities for video terminals requires incentives 
to design and develop the proper module(s). The commercial market for the basic terminal 
does not seem to require graphics. Most graphic requirements can be satisfied only with 
the more expensive terminals (greater than 810,000) or with the clustered terminal 
systems (a controller driving several terminals), which are not being considered as a viable 
option for the CAI environment. Two vendors of basic terminals (Burroughs and 
Hewlett-Packard) considered limited graphics as an optional capability with their terminal, 
and paper designs were completed but never implemented because of lack of interest by 
the potential market.* The feasibility of implementing inexpensive graphics for video type 
displays is, however^ confirmed. 

The design of a graphics module to plug into the basic terminal is the most challenging of 
all the development efforts being considered. It functionally resembles the character 
generator, but is more complex and operates at higher speeds. The vector generator 
interfaces the memory bus and operates on vector order codes, prepared and stored in 
RAM by the MPU, to produce video. The video is electrically ^ORed" to the character 
generator video to produce the image on the CRT. The graphics commands should be 
compatible with ARPANET graphics protocols (Ref. 2). 



♦ Private communication. 
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The characteristics of an on-the-fly vector generator for a video terminal produce some 
unusual design compromises. "On-the-fly" is defined as regenerating the video from a 
memory containing the vector commands for each frame time (60 times per second), much 
like the character refresh of these displays. A paper design by the author produced 
compromises that limit the number of vectors crossing one TV scan to 128 (individual 
vector descriptors). The compromise is mentioned only to demonstrate the types of 
design decisions one might expect in providing a vector generator for video displays. The 
limit of 128 vectors crossing a scan line is not too severe for most applications. 

Another requirement to. produce graphics is "patches/* the ability to produce shaded 
sections as outlined by the vectors. Patch (half-tone-paint effect) plus a half bright video 
control provides an effective animation and adds depth to the presentation. Within the 
design of a video vector generator, patches are easily implemented. 

CONCLUSIONS 

The terminals required by the military CAI system developers can be acquired from 
vendors of commercial terminals without a significant amount of development effort, in 
general, the CAI terminal requirements are not unique or very demanding of the 
off-the-shelf terminals available in the late 1970's. Two capabilities requiring military 
incentives for development and implementation with these terminals are a limited graphics 
and prerecorded visuals. The architecture of the off-the-shelf terminal, a micropro^^essor 
controller, will facilitate the integration of these and other future capabilities, for it is 
consistent with the design goal of providing customized terminals. This capability could 
provide the greatest economic impact for military CAI, for it makes possible cooperative 
efforts in using and purchasing terminals. 

The ability for sharing terminals within the military community becomes closer to 
reality— perhaps a necessity— as the proliferation of these terminals continues throughout 
the military environment. Many of these terminals will be connected to host computers 
via data communication networks to provide a large spectrum of computer services to 
military users. For CAI to take advantage of these resources, future design efforts within 
CAI systems must be compatible with the protocols and data communication specification 
for the computer network. One conclusion which can be deduced from the above 
discussion is a CAI system design approach to maximize the use of existing computer 
services within the military community. The system development effort can be limited to 
the integration of existing computer capabilities to satisfy the CAI user requirements. 

Terminal technology is currently going through dramatic advances. Today's terminals 
satisfy many CAI needs. With modest additional development, the terminals of the 1980's 
should satisfy all the currently identified CAI needs. 
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Appendix 

EXCERPTS FROM INTSLLIGENT TERMINAL REPORT 

Thd followfng pprigraphs are excerpts, with permission, from an unpublished paper for 
ARPA on intelligent terminals by Robert H. Anderson of The Rand Corporation, December 
1974, 

Sitimat^i of Data Terminal N$ed$ 

Tht DCA communications planning document (Ref. 3} is primarily concerned with interbase 
date communications demands in the 1980's. To establish these, however,>ihe ADP plans 
of the Individual services were examined, which w^re existing and approved (through FY 
1978) ADP systems of the military services and other DoD agencies. 

In order to estimate the number of on-line computer and data communications terminals for 
general purpose and support use (i.e., excluding special-purpose systems) the DCA plan 
categorizes military installations of the services on the basis of the number of personnel 
oh the installations, and makes certain assumptions about the computer systems and their 
functions in-each installation category. Table 1 presents these assumptions. 

, ' Taule 1 

DCA Planning Aesumptione Regarding Interactive Terminals 



Installation Pereonnel Average number of Average 
Category On-site Number of Terminals 

Computers Terminalstv For Off-site 

Computersvhv 



Large 5,eBB-SBtB8B 18 158 58\ 

Medium 8lt688-4^939 2^5 85 28 > 

Small .88-593 8.5 11 11 

Very Smal I 8-73 8 8 4 

Individual 1-7 8 8 1 



)V Interactive terminals for accessing the computers at the 
Installation; projedted from Air Force estimates. 

Vnv Terminals for accessing computer systems not at the given 
Installation; DCA estimates. 

Given the number of instjallations of each category, DCA presents the estimates of total 
number of terminals fbr accessing off-^ite computers for various functions. A 
representative set of these functions is given in Table 2. The estimated numbers of 
terminals for each of the services are shown in Table 3. These estimates are based on 
the expectation of 2|560 on-line, remotely accessible military computer systems in the 
1985 time period 
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Table 2 

Representative Computer Functions and Systems 



WWMCS Major and Medium ComRuter Systems 

Base Level Payroll Computer 

Base Level Supply Computer 

Base Level Personnel and Management Computer 

Base Level Personnel Service Computer 

Intelligence Support Computer 

Regional Logistics Computer 

Transportation Computer System 

Weather /Computational Facility 

Scientific and Engineering Computation Facility 

Education and Training Management System 

Air Traffic Control Facility 

Medical Processing and Resource Information System 
Medicpl Research Computer Facility 
Legal Information Computer Facility 
Computer for Military Reserve Activities 
Test and Evaluation Computer Facility 



Table 3 

Projected Numbers of Terminals, 1985 



Inetal- Number of ^""^ Terminals for . Terminals for 

lation Installations Of f-si tej Computers On-site 

\ Computers 





Army 


Navy 


AF 


Army 


Navy 


AF 


Army 


Navy 


AF 


Large 


B3- 


39 


29 


3158 


1958 


1458 


9458 


2850 


4358 


hed i utn 


181 


183 


128 


5868 


2884 


3368 


15385 


9755 


18288 


Snal 1 


218 


86 


173 


2338 


946 


1883 


2398 


946 


1883 


Very 


















8 


Smal 1 


198 


4e 


429 


792 


168 


1716 


8^ 


8 


Indivi- 


















8 


dual 


22 


45 


74B 


22 


45 


746 


8 


8 


TOTALS 








11438 


5985 


9875 


27233 


13551 


1G353 



/ 
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Th« grand totals of the numbars of terminals projected for each of the services by 1985 
are: 

Army 38,6G3 
Navy 19,536 
Air Force 25,428 



Total terminals 83,527 



Air For€§ Estimates of Terminal Needs in 198S 

Two Air Force studies of data communications and ADP requirements were completed 
recently: the Mission Analysis of Air Force Base Communications 1985 (Ref. 4) was 
released in April 1974, and Support of Air Force Automatic Data Processing Requirements 
in the 19a0*s (Ref. 5) was published in June 1974. The latter in particular addresses the 
future^ need for interactive terminals and estimates the numbers of such terminals 
(including intelligent terminals) for Air Force base ADP systems. It is based on a general 
expectation that the growth of Air Force logistics and support ADP will be 3.5 times the 
present capability by 1985. 

The SADPR-85 projections of terminal needs for different installations are given in Table 
4. 

Table 4 

SADPR-85 Projections'of Air Force Terminal Needs 



Instal 




Average Terminals per 


Total 




atlon 


Instal 


at ion 


Terminals 


Type 


Number 


All Types 


'Intel-I igent' 


Al 1 Types 


'Intel ligenf 


large 


183 


288 


28 


28,588 


2.868 


Medium 


29 


188 


18 


2,988 


298 


Sual 1 


11 


58 


5 


558 


55 


Other* 


91 


28 


2 


1,828 


182 


Totals 








25,878 


2,587 



Vf Air National Guard and Air Force Reserve bases* 
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Summary 

Figure 3 projtcts the number of terminil In use in the 1980's by (1) extrapolating the 
historic growth rate (from 1970 to 1973h (2) by using the DCA estimates in Table 3; and 
(3) by assuming that other services have the same proportional terminal requirements as 
the Air Force (as shown In Table 4). 

In ell cases it is clear that large number of Interactive on-line computer terminals will be 
used in the military services in the 1980's and that built-in Intelligence can mal^e their use 
more efficient and acceptable to the'user. In addition, man-computer Interaction In 
Weapon systems and in tactical command-control systems is becoming an Increasingly 
critical consideration, and the operators of such systems in aircraft, in ships, or in the field 
need augmentation of terminal capabilities to increase the effectiveness of the Interaction 
and| thus, of the associated systems. 



/ 



/ 



17 



100,000 



90,000 - 




1970 '72 



Figure 3. Proiecfed growth in terminals. 
Federal Government and DoD 



ERIC 



1 



18 



REFERENCES 

Thomas K Martin, Monty C. Stanford, F. Roy Carlson and William C. Mann, A Policy 
Auossment of Priorities and Functional Needs for the Military Computer- Assisted 
Instruction Terminal , University of Southern California Annenberg School of 
Communications, and USC/lnformation Sciences Institute, ISI/RR-75-44, December 
1975, 

Robert R Sproul, Xerox PARQ and Elaine L Thomas, Project MAC, MJJ., A 
Nettoork Graphics Protocol, August, 1974. 

Defense Communications System Plan FY 197S-1986 Vol. I, Basic ObjectiveSp 
Planning Factors and Guidance, Defense Communications Agency, June 1973* 

Mission Analysis on Air Force Base Communications-- 1985, AFSC Study Facility, 
Electronics Systems Command, April 1973. 

Support of Air Force Automatic Data Processing Requirements in the 1980*$ 
(SADPR-8S), Air Force Systems Command, Electronic Systems Division, June 1974 



DISTRIBUTION LIST 



Page a 



Or« n«rsh«lt J, farr, Oirtctor 
Ptrtonnift} and Training Rtstarch 
Programs 

Office of Naval Rts»arch (Cods 458) 
flrllngton^ VR 22217 

OKR Branch Off let 
536 South Clark Str«tt 
Chleagoi IL 68685 
ATTNt Or. Char Its £• OavTs 

Or* n.f). 8trtin, Sclsntlflc Oirtctor 
Offic* of Naval Rtstarch 
Scitntlflc Liaison Group-Tolcyo 
RMirican Embassy 
APO San Francisco 96583 

Off let of Naval Rtstarch 
Cods 288 

Arlington, V« 22217 

Or« H« Uallact SlnalKo 

c/o Off let of Naval Rtstarch 

Codt 458 

flrMngton, Vfl 22217 
Oirtctor 

Naval Rtstarch Laboratory 
Codt 2627 

Washington, O.C. 28398 

Ttchnlcat Oirtctor 
Navy PtrsonntI Rtstarch 
and OtvtlopiRtnt Ctnttr 
San Oltgo, CR 92152 

Assistant Otputy Chltf of Naval 
PtrsonntI for Rtttntion Analysis and 
Coordination (Pars 12) \ 
Room 2483, Arlington Rnntx 1 
Washington, O.C. 28378 

LCOR Char Its J, Thtistn, Jr., nSC, USN 
4824 

Naval Air Dtvtlopmtnt Ctnttr 
Uaraiinsttr, PA 18974 

Or* Ltt nilltr 

Naval Air SysttNts CoAMand 

AIR-4i3E 

Washington, O.C* 28361 



Or* Lton H, NaurocKi 

U«S* Rrmy Rtstarch Institutt for tht 

Behavioral and Social Sciencts 

1308 Uilson Boulevard 

Rrlington, Vfl 22269 

Or, Jostph Uard 

U.S. Prmy Rtstarch Institutt for tht 
Behavioral and Social Scltncts 
1368 Uilson Boultvard 
Arlington, VR 22209 \ 

HQ USRREUR I 7th Rrmy 
ODCSOPS ^ 
USRREUR Oiractor of GEO ' 
RPO Ntu Yoric 89483 

RRI Fitid Unit - Ltavtnuorth 
Post Offict Box 3122 
Fort Ltavtnuorth, KS 66827 

tlr* Jamts Balctr 

U<S. Rrmy Restarch Institutt for tht 
Behavioral and Social Sciences 
1300 Uilson Boulevard 
Rrlington, VR 22209 

Or. nilton S. Katz, Chltf 
Individual Training & Ptrforinanct 

Evaluation 
U.S. RrMy Rtstarch Institutt for th# 

Bthavioral and 
Social Scitncts 
1388 Ui Ison Boultvard 
Rrlington, VR 22283 

OPflYRR 

Randolph RFB» TX 78148 

Or. G.R. Ec»:strand (RFHRL^RST) 
Uright-Pattarson RFB 
Ohio 45433 

Dr. f^oss L. tlorgan (flFHRL-RSR) 
Uright-Pattarson RFB 
Ohio 45433 

RFHRL-OOJN 
Stop 163 

Lackland RFS» TX 78236 

19 



Or. Ktnntth E« Clarl: 
University of Rochtsttr 
College of Arts and Science 
River Campus Stat ion 
Rochester, NY 14627 

Or. Rllan 11. Collins 
Bolt, BeraneSc and Neuman, In 
58 rioulton Street 
Cambridge, RR 62138 

Or. Rene' V. Oauis 
University of Hinntsota 
Otpartntnt of Psychology 
ninntapoHs, m 554S5 

Or. Ruth Oay 
Yalt Univtrsity 
Otpartfttnt of Psychology 
2 Hi 1 1 house Rvenut 
Ntu Havtn, CT 86528 

ERIC 

Proctssing and Reftrenct Fad I 
4833 Rugby Rvtnut 
Btthtsda, no 28814 

Or. Barry 11. Ftinbtrg 

Burtau of Social Scitnct Rtstar 

Inc. 

1998 n Strttt, N.U. 
Washington, O.C. 28636 

Or. Victor Fitlds 
tlontgomtry Colltgt 
Otpartment of Psychology 
Roctcvlllo, no 28858 

Or. Eduin A. FUishinan 
Visiting Professor 
University of California 
Graduate School of Administrat 
Irvine, CA 92664 

Or. Robert Glaser, Co^irect 
Univtrsity of Pittsburgh 
3939 O'Hara Street 
Pittsburgh, PR 15213 

Or. Henry J* Hamburger 
University of California 
School of Social Sciences 
Irvine, CR 92664 



ERIC 



Page b 



CoiMKtniSin^ Officer 
U*S« N«v«l R»phibiout School 
Coron«do» CP 92155 

CoiMMneiinf Offic«r 
Haval H««tth Riscarch Cant«r 
San Oit9«, CA 92152 
Annapolis, I1D 21492 

ChAlrMn 

loMviorai Seionco DopartMnt 
Naval CoiMnd I HanagiNMnt Division 
UfS» Naval AcadaiMj 
Annapolis, 21492 

Chlol of Naval 
CducatSan t Training 
Naval Air Station 
Pansacola, FL 32598 
ATTNi GAPT Bruca Stona, USN 

ltr« Arnold I. RubinstolK 
Human Rasourcas Progran nanagar 
Naval Ha tar la I Comiimnd (8344) 
Room 1844, Crystal PlazaiS 
Nashington, 0*C* 28368 

Or* Jacic R* Borsting 
U*S* Naval Postgraduats Schoo^l 
DapartiMnt of Optrations Rastarch 
Hontarayf CA 93948 

Olractor, Navy Occupational Task 
Analysis Program (liOTRP) 
Navy Ptrsonnal Program Support 

Activity 
Building 1384, Boiling RFB 
Uashlngton, O.C. 28338 

Off lea of Civilian Hanpoutr llanagaMtnt 
Coda 64 

Uashlngton, D.C* 28398 
ATTNt Or* Richard Nlahaus 

Off lea of Civilian Nanpowar nanagatntnt 
Coda 263 

Uashlngton, O.C* 28398 

dfllci of Naval Rasarva 
Coda 38S5 

NaM Oriaans, LR 78146 



Or. nar tin Rockway (RFKRL<-TT) 
Loury RFB 
Colorado 88239 

tiajor P*J* OaLao 
Instructional Tachnology Branch 
RF Huaan Rtsourcas Laboratory 
loury RFB, CO 88238 

Or* Rifrad R* Fragly 
RFOSR-NL 

1488 Uilson BouUvard 
Rrllngton, VA 22289 

dpt. JacK Thorpa, USRF 
Flying Training Oivision 
RFHRL-FT 

Uilliaas RFB, t\Z 85224 

RFHRL-PED 
Stop #63 

Lackland RFB, TX 78236 

Oiractor, Offica of Hanpoutr 

Utilization 
Haadquartars, Itarine Corps <Coda HPU) 
tICB (Building 2869) 
Quant Ico, VR 22134 

Dr. R.L* Slafkosky 
Scitntific Rdvlsor (Coda RD-1) 
Haadquartars, U.S. Itarina Corps 
Uashington, O.C. 28388 

Chlaf, Rcadanic DapartKiant 

Education Cantar 

tiarlna Corps D«valopMfnt and 

Education CoMiMnd 

Marina Corps Basa 

Quant ice, VR 22134 

nr. E. A* Oovar 

2711 South Valtch Straat 

Arlington, VA 22288 

llr. Joseph J. Couan, ChSaf 
Psychological Rataarch Branch 

(G-P-1-62) 
U.S. Coast Guard Haadquartars 

Uashlngton, D*C. 26598 



Or. n. 0. Havron 
Hu9ian Scianecs Rasaarch, Ine 
7718 Old Spring Housa Road 
Uast Gate Industrial Park 
HcLaan, VA 22191 

KumRRO Cantral Division 

488 Plaza Building 

Paea Boulavard at Fairfiald Or 

Pansacola, FL 32585 

HuNrf^RO-Uastarn Division 
27857 BarMick Drlva 
CarMi, CR 93921 
RTTNx Library 

HumRRO Cantral Olvision->Coluiab 
Offica 

Suita 23, 2681 Cross Country D 
Cotuiftbus, Gfl 31986 

HuaRRO'-Uasttrn Division 
27857 BarMick Drlva 
Carat I, CA 93921 
ATTNi Or. Robtrt Vinabarg 

HumRRO 

Jostph A. Austin Building 
1939 Goldsftith Lana 
Loulsv41lc, KY 48218 

Or* LaMranca B* Johnson 
Lauranca Johnson 8 Assoc latas, 
2881 S Straat, N.U*, Suita 582 
Uashlngton, O.C. 2&889 

Or. flrnold F. Mnarick 
HoncyMtll, Inc. 
2688 Ridgt Parkway 
ninnaapoiis, WH 55413 

Or* Rogar A. Kaufman 

U.S* Intarnationai Unlvarslty 

Graduata School of Huaan Bahav 

Eiliott Caapus 

8655 E. Poaarada Road 

San Oiago, CR 92124 



Poge c 



Chitfol Naval Opirattont 
0P-8t7P7 

Uathlnfton, O.C. 29351 
RTTNt CflPT H.J.H. Connary 

SujiartRttndtnt 

Kaval I^QStgraduati School 

Rantaray, CR S3S49 

fir. Gaorg* N. Gralna 
Naval Saa Syttana CoMnand 
SEA 147012 

Uashin^ton, D*C* 29382 

Chlaf of Naval Tichnlcal Training 
Naval flir Station ttiRtphit (7S) 
nnilngton, 7N 38954 
UTTN} Dt* NorMn J* ICarr 

CoMNindiny Offlcir 
Sarvica Seiiool CoinMnd 
• U.S. Naval Training Cinttr 
San Oitgo, Cft 92133 
RTTNt Coda 93939 

Principal Civilian Advisor 
.for Education and Training 
Naval Training Comand, Codi eBR 
Pantacola, FL 3259S 
RTTNi Dr. Ullliaii L. rialoy 

Diraotor 

Training Rnalytit a Evaiuation Group 
Cedi N-99T 

Dipartmant of tin Navy 

Ortanda, FL 32913 

RTTNt Or. Rtfrad F. Smodi 

Chttf of Naval Training Support 
Coda N-21 
lullding 4S 
Naval Rir Staiton 
Pantacola^ FL 32599 

LCOJt C. F* Logan, USN 
T«14 nanagtMtnt Systim 
COriFITflEUUINnppiC 
NRS Hiranar, CR 92145 

Navy Ptrtonnal Rtsiarcii 
and Oavalfl^Afnt Cantir 
Codt 1 

San Ditgo( CR 92152 



ERIC 



ttititary Rttittant for Human Rfsourcet 
Dflica of till Sicritary of. Difinsi 
Room 3D129, Pantagon 
Uasiiington, D.C. 29391 

Rdvancid Ristarch Projtcts Pgancy 
Rdiiinistrativt Strvictt 
1499 Uiison Bouiivard 
Rrlington, VR 22299 
RTTNt Rrdtiia Hoiiouay 

Dr. Haroid F. O'Nail, Jr. 
Rdvancad Rasaarcii Projactt Rgancy 
Wumn'' Rasourctt Rataarcii Dffica 
1499 Uiison Bouiavard 
Rrlington, VR 22203 

Dr. Robart Young 

Rdvancad Risaarcii Projicts Rgancy 
-HuMn Risourccs Rasaarch Dffica 
1499 Uiison Bouiavard 
Rriington, VR 22299 

Dr. Lorraina D. Eyda 

Parsonnal Rtsaarcii and Davalopmant 

Cantar 

U.S. Civil Sarvica Conmission 
1999 £ Straat, N.U. 
Uasiiington, D.C. 29415 

Dr. Uillian Goriiam, Oiractor 
Parsonnal Risaarcii and Davalopntnt 
Cantar 

U.S. Civil Sarvica Conmlssion 
1989 E Strait, N.U. 
Uasiilngton, D.C. 29415 

Dr. Varn Urry 

Parsonnal Kasaarcii and Davalopmant 
Cantar 

U.S. Civil Sarvica CoMnission 
1989 E Strait, N.U. 
Uasiiington, D.C. 28415 

Dr. Erik ricUiiliams, Dirictor 
Ticiino logical Innovations in 
Education Group 
National Sclinci Foundation 
1888 G Stmt, N.U., Room U 858 
Uasiiington, D.C. 29559 

Dr. Riciiard C. Rticinson 
Deputy Dirictor 
National Sciinci Foundation 
1899 G Stmt, N.U; 
Uasiiington, D.C. 295S8 



Dr. Stiven U. ICiila 
Univirsity of Origon 
Oepartrnant of Psyciiology 
Eugana, OR 97493 

Dr. David Klaiir 
Carnagia-Hai Ion Unlvarsity 
Dapartmant of Psyciiology 
Pittsburgii, PR 15213 

Dr. Ezra S. Krandal 
Univarsity of Pannsy I van la 
Uiiarton Sciiool, Dii-CC 
Piiiiadalpiila, PR 19174 

Or. Rlwa E. Lantz 
Univarsity of Danvar 
Danvar Risaarcii Instituta 

Industrial Economics DIvisio 
Dinvir, CO 89219 

rtr. Brian flcNai iy 
Educational Tisting Sirvica 
Princaton, NJ 98549 

Dr. Robert R^ Nacicii 

ifuman Factors Bisiarcii, Inc 

8789 Cor ton Drlvi 

Santa Barbara Risaarcii Park 

Goiita, CR 93917 

Or. Lao Hunday, Vici Prasldm 
Rmarican Coliaga Tasting Prog 
P.O. Box 188 
Iowa City, IR 52249 

Itr. R.J. Pascii, Prasidant 
Eciactach Rssociatas, Inc. 
P.O. Box 178 

Nortii Stonington, CT 96359 

rir. Luigi Pitrulio 

2431 Nortii Edgauood Straat 

Rrilngton, VR 22297 

Dr. Stavon tl. PIna 
Univarsity of flfnnasota 
Dapartmant of Psychology 
ninnaapoiis, NN 55455 

Dr. Diana tl. Ramsay-ICtaa 
R-*iC Risiarcii X Syttim Disig 
^947 Ridgimont Driva 
tlalibu, CR 99265 



21 



Page d 



Navy Ptrsonntt Rtstarch and 
Otvtlopmtnt Ctnter 
Codt 2 

San Oitgoi Cfl 92152 
ATTNi ft. ft. SJohotA 

Navy Ptrsonnti Rtstarch 
and Dtvttopmtnt Ctnttr 
Cod« 316 

San Ditgoy Cfl 92152 
ftTTNt Dr. J. H. Sttintnann 

Navy ParsonntI Rtstarch 
and Dtvalopmtnt Ctnttr 
San Diago, Cfl 92152 
ATTN: Library 

Navy Ptrsonnti Rtstarch and 
Otvalopntnt Canttr 
Codt 9t41 

San DltgOy Cfl 92152 
ftTTNi Or. J.O. Flatchtr 

n. Gragg, CftPT, nC, U5N 
Htadf Educational Programs Dtvttopntnt 
Dtpartntnt 

Naval Htalth Scltncts Education and 
Tralnln9 Comnand 
Bathtsda, HO 28814 

Tachnical Olrtctor 

U.S. flrmy Rtstarch Institutt for tht 

Bthavlorat and Social Scitncas 

13tt Ultson Blvd. 

flrllngtoni VP 22269 

ftriMd Forcts Staff Cotltgt 

NorfolK, Vft 235U 
flTTNi Library 

CoMmandant 

U.S» ftrny Infantry School 
Fort Banning, Cfl 31985 
ftTTNt ftTSH-DET 

Otputy Conimandtr 

U.S* ftrny Institutt of fldiiinlstration 
Fort BtoJamin Harrison^ IH 46216 
ftTTWi Eft 



Or. ftndreu R. floinar 
Ttchno logical Innovations in 
Education Group 
National Scienct Foundation 
1888 G Strttt, N.U. 
Uashington, O.C. 28S58 

Or. rtarshall S. Sulth 
Assistant flcting Oirtctor 
Program on Esstntial SKiiis 
National Institutt of Education 
Broun Building, Rooa 815 
19th and 11 Strttts, N.U. 
Washington, O.C. 28288 

U.S. Civil Strvict Conmission 
Ftdtral Off let Building 
Chicago Rtgional Staff Oivlslon 
Rtgional Psychologist 
238 South Otarborn Strttt 
Chicago, IL 61884 
flTTNs C.S. UlnlaMicz 

Or. Carl FrtdtrlKstn 

Ltarning Divlslcn, Basic SKI lis Group 

National Institutt ol Education 

1288 19th Strttt, N.U. 

Washington, D.C. 28288 

Or. Scarvia B. flndtrson 
Educational Tasting Strvict 
17 Extcutivt Park Orlvt, N.E. 
Atlanta, GP 38329 

Or. John ftnnttt 
OapartiNint of Psychology 
Tht Unlvtrslty of Maruick 
Covtntry CV47ftl 
ENCLRND 

?1r. SaMtl Ball 
Educational Tasting Strvica 
Princtton, N.J. 88548 

Or. Garald V. Barrttt 
Unlvtrslty of fluron 
Otpartntnt of Psychology 
PKron, OH 4432S 



Dr. Joseph U* RIgnty 
Unlvtrslty of Southern Call for 
Bthavioral Technology Laborato 
3717 South Grand 
Los ftngoltsi Cfl 98887 

Or. Ltonard L. Rosenbaufi, Chal 
flontgontry Col Itgt 
Otpartmtnt of Psychology 
Rockvllla, no 28858 

Or. Gtorya E. RoHland 
Ron I and and Company i Inc. 
P.O. Box 61 
Haddonfiald, NJ 88833 

Dr. Arthur I. Stagtl 
ftppiltd Psychological Servio 
414 East Lancasttr ftvanut 
Uaynt, PR 19887 

Or. Richard Snow 
Stanford Unlvtrslty 
School of Education 
Stanford, Cfl 94385 

Dr. C. Harold Stoni 
1428 Virginia ftvtnut 
GItndalt, Cfl 91282 

rir. Dtnnis J. Sullivan 

c/o HflISC, Building 119| rt.S. 

P.O. Box 98515 

Los PngtltSi Cft 98889 

Or. Patrick Suppts 
Stanford Unlvtrslty 
Institutt for rtathtilatical Stu 
in tht Social Scitncas 
Stanford,- Cft 94385 

Or. Btnton J. UndtrMOod 
Northutsttrn Univtrslty 
Otpartntnt of Psychology 
Evanstoni IL 68211 

Or. Carl ft. Vast 
Battalia rttMorlat InstMut« 
Washington Optrations 
2838 n Strtat, N.U. 
Uashingtoni O.C. 28836 



Page e 



Or. Frank J. Harris 

U.S. flrmy Rtsnarch Inst i tut* for tha 

Bthavioral and Social Scitncvs 

1309 Uilson Boultvard 

firtlngton, Vft 22289 

Dr. Stan lay L. Cohan 

U.S. flrMy Rtsaarch Institute for th« 

Bahavioral and Social Sciences 

13i8 Uilson Boulavard 

Rrlln9ton» VR 22269 

Or. Ralph Dusatc 

U.S. Priny Rvsaarch Institute for tha 
Bthavlerat and Social Sciancas 
13M Uilson Boulavard 
flrnn9ton, VR 22219 



Dr. Bernard n. Bass 
University of Rochastar 
Graduate School of HanageiMnt 
^ Rochester, NY U627 

Or. Ronald P. Carvor 

School of Education 

University of nissour l-Kansas City 

Siee Roochlll Road 

Uns9% City, nO 6^118 

Century Research Corporation 
4113 Lee HIghuay 
Priington, VP 22287 

Dr. P. Charnes 

BEB S12 

University of Texas 
Pustin, TX 7B712 



Dr. David J. Ueiss 
University of Hinnesota 
Department of Psychology 
N668 Elliott Hall 
ninneapolls, t\H SS4SS 

Dr. Pnita Uest 
Denver Research Institute 
University of Denver 
.Denver, CD 88218 

Dr., Kenneth N. Uexlar 
University of California 
School of Social Sciences 
Irvine, CP S|2664 



23 

ERIC 



